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represents the endless struggle between land and ocean for the control of Venice. sediment is eroded at marsh boundaries is higher than the input of sediment from nearby rivers or from the continental shelf. We propose that the horizontal dynamics and related sediment fluxes are key factors determining the survival of salt marshes.
Only a complete sediment budget between salt marshes and nearby tidal flats can determine the fate of marshes at any given location, with sea level rise being only one among many external drivers. Ancient Venetians understood this dynamic very well. They manipulated the supply of sediment to the Venice lagoon, Italy, in order to control the long-term evolution of the intertidal landscape. River due to complex erosion/accretion patterns (Chen and Zong, 1998) , and
Frisians were among the first to erect dykes to hold back the advances of the sea (Charlier et al., 2005 (e.g., Day et al., 1998; Schwimmer, 2001; Wilson and Allison, 2008; Marani et al., 2011; Sean McLoughlin, Virginia Coast Reserve Long Term Ecological Research, pers. comm., 2013) . Indeed, new evidence shows that salt marshes are particularly weak when exposed to wave action.
Marsh scarps expose bare sediment below the vegetation surface, and this material can be easily removed by incoming waves (Feagin et al., 2009) . (Phillips, 1986; Feagin et al., 2009; Sean McLoughlin, pers. comm., 2013) . Figure 2 . Thrust exerted by waves on a marsh scarp. The thrust is maximum when the water level is just below the marsh platform and decreases during high tides or storm surges. Modified after Tonelli et al. (2010) These physical and biotic characteristics determine erosion resistance and exposure to wave activity.
Aboveground vegetation slows flow velocities, traps sediment, and attenuates waves and turbulence (Christiansen et al., 2000; Leonard and Croft, 2006; Mudd et al., 2010; Riffe et al., 2011) . At the same time, belowground roots and rhizomes help to stabilize marsh sediment (Coops et al., 1996; Micheli and Kirchner, 2002; Sean McLoughlin, pers. comm., 2013) and play an important role in reducing erosion. Edge stability is a function of the binding capacity of the root system to sediment, which is determined by the biomass, length, diameter, and tensile strength of the roots (van Eerdt, 1985) .
Root strength typically decreases with depth, making marsh edges susceptible to undercutting. Excessive nutrients can also weaken creek banks and marsh boundaries, triggering slumping and lateral erosion. In fact, high nutrient levels increase aboveground leaf biomass, decrease the dense, belowground biomass of bank-stabilizing roots, and increase microbial decomposition of organic matter, leading to weaker, more porous soil (Deegan et al., 2012) . Sediment shear strength increases as the ratio of root biomass to sediment mass increases, and marshes with dense root mats are generally more resistant to erosion from wave attacks and tidal currents (van Eerdt, 1985; Allen, 1989; Micheli and Kirchner, 2002; Watts et al., 2003) . However, Feagin et al. (2009) In fact, high inputs of sediment can counteract very fast rates of sea level rise (Yang et al., 2001) . If the rate at which waves and currents are removing sediment from the marsh boundary is higher than the rate at which sediment is provided by rivers and by the adjacent sea or continental shelf, the marsh will enter into an erosive state, and this state can be irreversible even in absence of sea level rise (Mariotti and Fagherazzi, 2013) .
aSSeSSiNg marSh reSilieNce: a SeDimeNt BuDget apprOach (Mariotti and Fagherazzi, 2013) .
While our findings are readily applicable to coastal areas with substantial river inputs, they also apply to fringing marshes, in which the ocean is the sediment source. Again, a marsh can expand even in presence of sea level rise if sediment supply and organogenic accumulation are large enough to offset drowning and lateral erosion (e.g., Redfield, 1965) . 
